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Objectives. Little is known about the effects of exposure to petroleum refinery emissions on respiratory health in children. We evaluated lung
function and markers of inflammation and oxidative stress in children and adolescents with and without asthma or wheezing symptoms living
in a petrochemical polluted area (Sarroch, Sardinia) versus a reference area (Burcei). Methods. Parents of 275/300 6- to 14-year-old chil-
dren living in Sarroch and parents of 214/323 children living in Burcei answered a questionnaire on respiratory symptoms and risk factors.
Measurements of forced expiratory volume after 1 second (FEV1) and of forced expiratory flow rates at 25–75% of vital capacity (FEF25–75)
were available in 27 and 23 asthma/wheezing-positive subjects and in 7 and 54 asthma/wheezing-negative subjects in Sarroch and in Burcei,
respectively; for fractional exhaled nitric oxide (FENO) corresponding figures were 27 and 24 and 8 and 55 in Sarroch and in Burcei, respec-
tively. Malondialdehyde–deoxyguanosine (MDA–dG) adduct levels in nasal mucosa were measured in 12- to 14-year-old adolescents (8 and
14 asthma/wheezing-positive and 20 and 28 asthma/wheezing-negative subjects in Sarroch and in Burcei, respectively). Air pollutants were
assessed during 3 weeks, starting 1 week before lung function, FENO, and MDA–dG measurements. Generalized linear models were used to esti-
mate the effect of the area of residence adjusting for confounders. Results.Weekly average concentrations of sulfur dioxide were 6.9–61.6µg/m3
in Sarroch versus 0.3–7.6 µg/m3 in the rural area of Burcei; of nitrogen dioxide, 5.2–28.7 µg/m3 versus 1.7–5.3 µg/m3; and of benzene,
1.8–9.0 µg/m3 versus 1.3–1.5 µg/m3, respectively. Children living in Sarroch versus children living in the reference area showed an increase
in wheezing symptoms {adjusted prevalence ratio = 1.70 [90% confidence interval (CI) = 1.01; 2.86]}; a decrease in lung function [variation
in FEV1 = −10.3% (90% CI = −15.0; −6.0%) and in FEF25–75 = −12.9% (90% CI = −20.7; −4.3%)]; an increase in bronchial inflammation
[variation in FENO = +35% (90% CI = 11.7; 80.1%)]; and an increase in MDA–dG adducts of +83% (90% CI = 22.9; 174.1%). Conclusions.
Data from this small study are consistent with the role of environmental pollutants on lung function and inflammation.
Keywords air pollution, biomarkers, malondialdehyde, nitric oxide, wheezing
INTRODUCTION
A number of cross-sectional and longitudinal studies per-
formed in different countries have assessed the respiratory
morbidity in children chronically exposed to air pollution;
most of the data have been recently reviewed by Götschi
et al. (1), concluding for adverse long-term effects on lung
function. A plausible mechanism is airways inflammation
that has been demonstrated in adults who live in a polluted
area (2) and is thought to be mediated by oxidative stress
defined as “a disturbance in the prooxidant–antioxidant
balance in favor of the former, leading to potential dam-
age” (3). Gaseous pollutants and particulate matter, in
fact, form reactive oxygen species that react with proteins,
∗Corresponding author: Franca Rusconi, M.D., Unit of Epidemiology,
“Anna Meyer” Children’s University Hospital, Viale Pieraccini 24, 50139
Florence, Italy; Tel: +39 055 5662556; Fax: +39 055 5662334; E-mail:
f.rusconi@meyer.it
lipids, and DNA and form distinct products that can be
used as biomarkers (4).
One of the most validated noninvasive tests available
to assess lung inflammation is the determination of nitric
oxide (NO), a reactive, free radical gas, which is formed in
the airways when L-arginine is oxidized to L-citrulline. In
addition to the potential clinical use of the measurement
of fractional exhaled NO (FENO) in asthma management
(5), FENO has been suggested to be an effective noninva-
sive tool for epidemiological studies on health effect of air
pollution (6).
More recently, malondialdehyde (MDA) levels mea-
sured in the exhaled breath condensate of children with
asthma have also been associated with exposure to traffic-
related air pollutants (7). MDA is a lipid peroxidation
product whose physiological endogenous production can
be increased when oxygen radicals are not neutralized
by the antioxidant defenses. MDA is a highly reactive
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2 F. RUSCONI ET AL.
substance that can react with DNA forming exocyclic
DNA adducts, including MDA–deoxyguanosine (MDA–
dG) adducts (8). MDA–dG adducts have been shown
to be premutagenic in mammalian cells and to induce
frameshift and base pair substitution mutations (9).
Sarroch (Sardinia, Italy) is a small municipality of
5243 inhabitants close to one of the biggest high-
complexity refinery in the Mediterranean Sea and to the
largest European liquid fuel gasification plant. In 2005
according to the local air quality monitoring network (10),
sulfur dioxide (SO2) levels exceeded the hourly limit of
350 µg/m3 set by the Italian law (DM 60, 2 April 2002)
126 times. Particulate matter less than 10 µm (PM10)
in size exceeded the daily limit of 50 µg/m3 15 times.
In the same year, a survey [DRIAS (Disturbi Respiratori
nell’Infanzia e Ambiente in Sardegna)] investigated the
respiratory health of children living in the southwest of
Sardinia (11). The DRIAS study used a modified version
of ISAAC (International Study of Asthma and Allergies
in Childhood) questionnaire (12) and found an excess of
respiratory symptoms, in particular wheezing symptoms,
in 6- to 10-year-old children living in Sarroch (Biggeri A,
unpublished data).
To evaluate the role of air pollution on lung func-
tion, oxidative stress, and inflammation, in May 2007
we conducted a cross-sectional survey in the municipal-
ity of Sarroch and in a nearby municipality (Burcei, 2978
inhabitants).
METHODS
Study Participants
In December 2006, the parents of 6- to 14-year-old
children and adolescents attending primary and middle
schools in the municipality of Sarroch (300 subjects) were
asked to complete a modified ISAAC questionnaire at
home. The proportion of compliers was 91.7%. A panel
of 54 children and adolescents consented to participate
in a longitudinal survey (January–June 2007) aimed at
studying the lung function and FENO in relation to air
pollution. The panel study consisted of 27 of 37 subjects
with a history of lifetime asthma or wheezing symptoms
in the last 12 months, 19 of 34 subjects with a his-
tory of dry cough apart from cold or other respiratory
symptoms apart from wheezing, and 8 subjects with no
history of asthma, wheezing, or other symptoms sugges-
tive of asthma (dry cough apart from cold, chest tightness)
or bronchodilators use, randomly chosen in the same
classes where asthmatic children were from. The 27 chil-
dren with asthma/wheezing and the 8 subjects without
asthma/wheezing also took part in this study on lung
function and FENO measurements in the last week of
May 2007. In May 2007, the parents of 323 children and
adolescents attending primary and middle schools in the
nearby rural municipality of Burcei were also asked to
complete the modified ISAAC questionnaire; parents of
214 subjects (66.3%) consented. Twenty-four of the 35
children with a history of lifetime asthma or wheezing
symptoms in the last 12 months and 55 children with no
history of asthma/wheezing or other symptoms possibly
suggestive of asthma or bronchodilators use, randomly
selected from the same classes, consented to perform lung
function and FENO measurements in the last week of May.
In addition, according to a separate protocol, and after
parental/child consent, measurements of nasal mucosal
samples for MDA–dG adducts were obtained in the same
week in 12- to 14-year-old adolescents. In both munici-
palities, we invited all asthma/wheezing-positive adoles-
cents who had responded to the questionnaire, whereas
a random sample of asthma/wheezing-negative adoles-
cents was obtained from the same school classes. Eight
asthma/wheezing-positive and 20 asthma/wheezing-
negative adolescents in Sarroch and 14 asthma/wheezing-
positive and 28 asthma/wheezing-negative adolescents
in Burcei provided adequate biological samples for the
measurements of MDA–dG adducts.
Study Procedures
Questionnaires. Data collection was performed using
ISAAC questionnaire (12); for individual and family
characteristics, occurrence of respiratory symptoms other
than asthma, and children’s exposure to known or sus-
pected risk factors, we added specific questions derived
from the SIDRIA (Studi Italiani sui Disturbi Respiratori
nell’Infanzia e l’Ambiente) questionnaire (13). The ques-
tionnaire was completed by parents at home. A self-
administered questionnaire, mainly regarding personal
smoking habits, was completed by adolescents (12–14
years old) at school.
FENO and Lung Function Measurements. Subjects were
examined in the morning at school. Height and body
weight were measured, and each subject answered sim-
ple questions on the symptoms possibly related to recent
respiratory infections. FENO was measured online by
chemiluminescence using the NIOX analyzer (Aerocrine,
Stockholm, Sweden) and the following recommended
procedures (14). Lung function tests were performed
according to the American Thoracic Society guidelines
(15) with a portable spirometer (Biomedin, Padua, Italy).
The following variables were obtained from the best of
three reproducible forced expiratory maneuvers: forced
vital capacity (FVC), forced expiratory volume after 1
second (FEV1), and forced expiratory rates at 25–75% of
vital capacity (FEF25–75).
MDA–dG Adducts. Cells from nasal mucosa were
obtained by gentle brushing with a Pap test cytobrush
after having washed the nasal cavity with saline solu-
tion (0.9% NaCl) and cleaning it with a cotton swab.
Cells were rinsed from the cytobrush into a tube con-
taining 0.9% saline solution and 10% acetylcysteine,
incubated for 30 minutes at room temperature, and cen-
trifuged (100 cycles/min shaking frequency). The cell
pellets were frozen shortly after collection and kept at
–80◦C until DNA extraction. The analysis of MDA–dG
adducts was carried out by the 32P-postlabeling DNA
adduct assay, as previously described (16). MDA–dG
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OIL REFINERY POLLUTION AND RESPIRATORY MORBIDITY IN CHILDREN 3
adduct levels were expressed as relative adduct label-
ing (RAL) (screen pixel in adducted nucleotides/screen
pixels in total nucleotides).
The protocol of this study was approved by the Ethics
Committee of the Local Health Authority of Cagliari,
and parents provided written consent for their child’s
participation.
Pollutants Assessment
Information on air quality was collected from 15 May (1
week before children examinations) to 7 June. Weekly
average concentrations of SO2, nitrogen dioxide (NO2),
and benzene were assessed by passive dosimeters located
on a regular grid of 21 locations in the municipality
of Sarroch and at the primary and middle schools in
Burcei. Weekly average concentrations of ozone were also
assessed in the two municipalities by passive dosime-
ters, one in Sarroch and two in Burcei. The dosime-
ters are in accordance with the European Committee
for Standardisation (17) and were analyzed by the
Passam Ltd. (Männedorf, Switzerland). Temperature, rel-
ative humidity, and PM10 concentrations were measured
by the Environmental Protection Agency Air Monitoring
Network with two fixed monitoring stations and two
mobile stations located at the middle school in Sarroch
and at the primary school in Burcei. Daily averages
were obtained following the Meta-analysis of the Italian
Studies on Short-term effects of Air pollution (MISA)
protocol (18).
Statistical Analyses
Four primary outcomes were studied: wheezing symp-
toms, lung function indexes (FEV1 and FEF25–75), FENO,
and MDA–dG adducts. We specified generalized lin-
ear models (GLMs) (19) to investigate the relationship
between each outcome and living in Sarroch versus
Burcei, adjusting for relevant confounders. The details of
each GLM fitted to each response variable are reported.
All the analyses were stratified by the presence or absence
of the history of respiratory symptoms.
Wheezing Symptoms. We investigated the relationship
between wheezing symptoms in the last 12 months, as
binary variable, and living in Sarroch versus Burcei. To
account for differences in the characteristics of children
living in the two areas, we adjusted for the following vari-
ables: age, gender, parental history of asthma, parental
education, passive smoking, and damp or mold in child’s
bedroom. We reported the estimated logistic regression
model coefficients as prevalence ratios (20).
FENO. Some FENO measurement values (21/141: 14.9%)
were below the limit of instrument detection of 5 ppb.
We considered these values as left censored and speci-
fied a Tobit regression model (21). We used the natural
logarithm of FENO as response and adjusted for age, gen-
der, active and passive smoking, parental education, traffic
intensity in the area of residence, respiratory infections
in the last week, and history of prescription of inhaled
steroids in the last 12 months. Estimated model coeffi-
cients were reported as percent variation in FENO concen-
tration for children living in Sarroch versus those living in
Burcei. The influence of the presence of rhinoconjunctivi-
tis symptoms [a proxy of an atopic condition (22)] on the
response was evaluated in a sensitivity analysis.
Lung Function Indexes. As FEV1 and FEF25–75 distribu-
tions appeared positively skewed, we fitted a GLM for
continuous gamma-distributed response and log link. All
models were adjusted for age, gender, weight, height,
active and passive smoking, parental education, damp or
mold in child’s bedroom, traffic intensity in the area of
residence, respiratory infections in the last week, and
history of prescription of inhaled steroids in the last 12
months. We report estimated model coefficients as percent
variation in FEV1 and FEF25–75 for the children living in
Sarroch versus those living in Burcei.
MDA–dG Adducts. We specified a GLMwith log link and
gamma-distributed response. The assumption is justified
by the skewness of the empirical distribution of MDA–
dG adducts relative frequency. All models were adjusted
for active and passive smoking, parental education, and
history of prescription of inhaled steroids in the last 12
months. Estimated model coefficients were reported as
percent variation in MDA–dG adducts for the children
living in Sarroch versus those living in Burcei.
For each outcome, we checked the robustness of the
results modifying the way in which model specification
and adjustment for confounders were performed (23, 24).
All statistical analyses were done using Stata 10.1 (25).
RESULTS
Questionnaires were completed by the parents of 275
children in Sarroch (response rate = 91.7%) and the par-
ents of 214 children in Burcei (response rate = 66.3%).
Characteristics of these children are shown in Table 1.
Active smoking, as reported by the self-administered
questionnaire, was present in 6.1% [90% confidence inter-
val (CI) = 2.4; 9.8] of adolescents living in Sarroch and
in 16.7% (90% CI = 10.9; 22.4) of those living in Burcei.
Prevalence of lifetime asthma was 6.2% (90%
CI = 4.2; 9.1) in Sarroch and 6.5% (90% CI = 4.2; 10.0)
in Burcei; prevalence of wheezing symptoms in the last 12
months was 12.0% (90% CI = 9.1; 15.6) and 6.5% (90%
CI = 4.2; 10.0), respectively. After adjusting for the set
of potential confounding factors, the prevalence ratio of
wheezing symptoms in the last 12 months for the children
living in Sarroch versus those living in Burcei was 1.70
(90% CI = 1.01; 2.86).
Twenty-seven children and adolescents with a history
of asthma or wheezing symptoms in the last 12 months in
Sarroch and 23 in Burcei, and 7 subjects without asthma
or wheezing in Sarroch and 54 in Burcei were able to per-
form lung function . Descriptive statistics of FEV1 and
of FEF25–75 are shown in Table 2: FEV1 and FEF25–75
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4 F. RUSCONI ET AL.
TABLE 1.—Characteristics of study participants.
Characteristic Sarroch (n = 275) Burcei (n = 214)
Age, year (mean ± SD) 9.6 ± 2.5 9.6 ± 2.5
Male sex, n (%) 142 (51.6) 116 (54.2)
Lifetime asthma, n (%) 17 (6.2) 14 (6.5)
Wheezing symptoms (last 12 months) 33 (12.0) 14 (6.5)
Rhinoconjunctivitis symptoms (last 12 months) 19 (6.9) 13 (6.1)
Children with prescription of inhaled steroids during the
last 12 months, n (%)
10 (3.6) 6 (2.8)
Parental history of asthma, n (%) 23 (8.4) 15 (7.0)
Parental schooling
University, n (%) 9 (3.3) 3 (1.4)
High school (13 years), n (%) 101 (36.7) 43 (20.1)
<13 years, n (%) 162 (58.9) 167 (78.0)
Parental smoking (current) 130 (47.3) 74 (34.6)
Damp or mold in child’s bedroom
Last 12 months, n/total valid (%) 42/255 (16.5) 25/201 (12.4)
First year of life, n/total valid (%) 37/255 (14.5) 30/201 (14.9)
Traffic intensity on street of residence (high) n/total
valid (%)
26/261 (10.0) 10/203 (4.9)
TABLE 2.—Descriptive statistics of FEV1, FEF25–75, FENO, and MDA–dG DNA adducts in children and adolescents with asthma or wheezing and in those
without, living in Sarroch and in the rural area of Burcei.
Sarroch Burcei
n Min p50 Max Mean SD n Min p50 Max Mean SD
Subjects with asthma or wheezing
FEV1 (L)a 27 1.29 1.89 3.60 2.08 0.59 23 0.84 2.41 4.17 2.38 0.80
FEF25–75 (L/s)a 27 0.96 2.18 4.05 2.16 0.76 23 0.55 2.89 4.73 2.64 1.11
FENO (ppb)a,b 27 0 14 117 31.67 34.71 24 0 16.5 72 25.25 22.70
MDA–dG (RAL × 108) 8 15.80 29.35 133.47 45.04 42.61 14 3.80 28.12 115.60 34.16 29.56
Subjects without asthma or wheezing
FEV1 (L)a 7 1.42 2.08 3.56 2.32 0.79 54 1.58 2.42 4.50 2.46 0.64
FEF25–75 (L/s)a 7 1.04 2.66 4.08 2.69 1.05 54 1.38 2.78 4.87 2.87 0.81
FENO (ppb)a,b 8 5 8 48 13.25 14.29 55 0 8 50 8.96 9.21
MDA–dG (RAL × 108) 20 5.60 44.95 241.44 74.59 72.21 28 1.25 20.90 164.00 34.37 36.75
Notes: aThe number of measurements are not always equal to the number of study participants due to invalid measurements.
bFENO values not detected at the lowest value detectable (5 ppb) by the test procedure were set to 0.
values tended to be lower in children and adolescents liv-
ing in Sarroch as compared with those living in the rural
area of Burcei. In the regression model, after adjusting for
potential confounders, a lower lung function expressed as
a variation in FEV1 [−10.3% (90% CI = −15.0; −6.0)]
and in FEF25–75 [−12.9% (90% CI = −20.7; −4.3)] was
found for the subjects living in Sarroch as compared with
those living in Burcei.
Measurements of FENO were available for 27 children
and adolescents with asthma or wheezing in the last 12
months in Sarroch, and for 24 in Burcei, and for 8 subjects
without asthma or wheezing symptoms in Sarroch and
55 in Burcei. After adjusting for potential confounders,
higher levels of FENO [+35.0% (90% CI = 11.7; 80.1)]
were found the for children and adolescents living in
Sarroch as compared with those living in Burcei.
MDA–dG adduct values tended to be higher among the
children living in Sarroch as compared with those living
in the rural area of Burcei (Table 2). After adjusting for
potential confounders, we found an increase in MDA–dG
adducts [+83.5% (90% CI = 22.9; 174.1)] in children
living in Sarroch as compared with those living in Burcei.
Air pollutants concentrations are shown in Table 3.
During the study period, we documented two episodes of
Saharan dust storm with PM10 daily average concentra-
tions above 60 µg/m3 at both sites. Over the remaining
12 days of measurements, the mobile station in Burcei
recorded an average of 24.5 µg/m3, not very different
from that of 23.0 µg/m3 recorded in Sarroch.
DISCUSSION
In this cross-sectional study, we found a decrease in lung
function and increased markers of bronchial inflammation
and oxidative DNA damage in children living near an oil
refinery as compared with those living in a control nonpol-
luted area. Asthma symptoms in the last 12 months were
also different in the two areas. The associations between
wheezing symptoms, lung function, airways markers of
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OIL REFINERY POLLUTION AND RESPIRATORY MORBIDITY IN CHILDREN 5
TABLE 3.—Weekly averages of air pollutants in Sarroch (21 sampling locations) and in Burcei
(2 sampling locations).
Concentrations of air pollutants (µg/m3)
Minimum Median Mean Maximum
SO2
Sarroch 6.9 12.4 18.1 61.6
Burcei 0.3 3.4 3.6 7.6
NO2
Sarroch 5.2 14.1 15.6 28.7
Burcei 1.7 3.6 3.6 5.3
Benzene
Sarroch 1.8 3.7 3.7 9.0
Burcei 1.3 1.4 1.4 1.5
Ozone
Sarroch 108.6 127.7 124.8 135.3
Burcei 127.0 135.8 136.9 149.0
inflammation and oxidative stress, and area of residence
remained after controlling for confounding.
In the Sarroch municipality, since 1965, a big high-
complexity refinery and a large liquid fuel gasification
plant are located. High levels of SO2 and PM10 were doc-
umented even in recent years (10). Total annual emissions
of SO2 sum up to more than 8000 ton and total particles
to more than 500 ton.
As the populations of Sarroch and Burcei experienced
different environmental conditions over years, long-term
effects of pollutants are more likely to explain our find-
ings; however, as lung function, markers of inflammation
and oxidative stress, and weekly air pollutant concentra-
tions were measured concurrently at the two municipali-
ties, we cannot exclude a short-term effect.
For all the outcomes studied, we documented the
effects both in children with a history of asthma or
wheezing and in those without. Our findings are there-
fore consistent with recent studies showing that adverse
health outcomes of air pollution are present also in healthy
children (26, 27).
The relative deficit in FEV1 for the subjects living in
Sarroch (−10.3%) was similar to that found for passive
smoking (−6.8% for children exposed to passive smoking
vs. not exposed) and was of the same order of magnitude
of that reported in longitudinal studies on the long-term
consequences of air pollution (1).
Confounder-adjusted average concentrations of FENO
in exhaled breath were 13.48 ppb in children residing in
the polluted area and 9.98 ppb in children residing in the
rural area. FENO has been related to the exposure to par-
ticles, NO2 and ozone, measured either by personal or
by ambient monitors in panel studies of children with
asthma and in healthy children (6, 28, 29). Moreover,
FENO levels have been found to be elevated in the chil-
dren living in areas characterized by high traffic exposure
(30, 31).
Confounder-adjusted average levels of MDA–dG
adducts in nasal mucosal cells were 65.8 RAL × 108
in Sarroch versus 35.8 RAL × 108 in the rural area of
Burcei, comparable with those detected in various adult
human tissues (8). Nasal mucosa cells are the first site
of contact of the respiratory tract with the mixtures of
airborne substances present in the environment and con-
stitute therefore the first line of defense against various
xenobiotics. Nasal epithelium is an accessible and easy-
to-monitor tissue. A number of studies have shown that
biomarkers of oxidative DNA damage are high in biolog-
ical media, most commonly urine and blood, of adults
exposed to air pollution, in particular particulate mat-
ter and benzene (32). An increment has also been found
in the leucocytes, urine cells, and nasal mucosa cells
of schoolchildren living in metropolitan areas, such as
Bangkok (Thailand) (33) and Mexico City (34), and in
the urine cells of children living near power plants in
Taichung, Taiwan (35).
Although the overall picture arising from our data
is consistent with a role of environmental pollutants on
lung function and inflammation, this study has some
limitations.
Questionnaire response rate was lower in the rural
municipality of Burcei than in Sarroch; however, if a
selection bias occurred in Burcei, this was probably in
a conservative direction, that is, inclusion of children
and adolescents with respiratory problems rather than the
opposite. On the contrary, the higher participation rate
in Sarroch could have been partially due to a concern
on the possible effect of pollution on respiratory health;
this could have also affected the reporting of wheezing
symptoms by the parents of the studied children. These
considerations, together with the fact that questionnaire
surveys were conducted in different seasons in the two
areas, suggest to regard the relationship between wheez-
ing symptoms in the last 12 months and area of residence
as only an association.
This study is inherently ecological in nature, compar-
ing two populations at different baseline levels of pollu-
tion. We adjusted for a series of known risk factors and
disease markers, but we cannot exclude the potential
role of underlying unmeasured population characteris-
tics, among those genetically susceptible. However, the
Sardinian population is a very homogeneous founder
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6 F. RUSCONI ET AL.
population which evolved from a few initial inhabitants
without appreciable in-migration (36).
This study was cross-sectional; exposure and outcome
were assessed concurrently. Change of residence was
investigated by specific items in the parental question-
naire; in Sarroch 58.2% of children lived in the same
house since birth, whereas in Burcei the percentage raised
to 74.2%. In a sensitivity analysis, we controlled all mod-
els by change of residence, and the results were not
modified.
Exposure characterization was limited to a short period
during the measurements campaign. The information
on particles (PM10) was scarce due to two episodes
of Saharan dust storm during the campaign. These
episodes, whose occurrence is well documented in the
Mediterranean area (37), were identified looking at the
hourly concentration patterns and the correlation with
similar pattern at urban and rural stations. Yet, for the
area of Sarroch, we have information on PM10 for the
whole period January–June 2007 from the Environmental
Protection Agency Air Quality Network. The mean daily
average and the maximum value registered for PM10 dur-
ing that period were 22.57 µg/m3 and 64.11 µg/m3,
respectively. In the same period, hourly series of PM10
showed maximum values during the night (after 8.00 pm
till midnight), coherent with an industrial source of pollu-
tion rather than with car traffic. On the contrary, children
living in Burcei, a small rural municipality 648 m above
sea level, and without industrial settlements, are probably
exposed to low levels of particulates.
In our study, we did not undertake laboratory exami-
nations for atopy. The knowledge of atopic status could
be relevant in term of effects of air pollution on atopic
diseases (38) and relevant for the increase in FENO lev-
els (5). The combination of the two ISAAC questions on
rhinitis (rhinitis symptoms accompanied by itchy, watery
eyes) has been suggested as a useful epidemiological
instrument to measure the occurrence of allergic rhini-
tis (22). In our study, prevalence of rhinoconjunctivitis
(last 12 months) was similar in Sarroch and in the rural
area of Burcei: 6.9% versus 6.1%. Children and adoles-
cents with rhinoconjunctivitis, in comparison with those
without, had average FENO levels of 40.2 ppb versus
13.8 ppb in Sarroch and 31.8 ppb versus 11.3 ppb in
Burcei; this confirms the previous studies that showed that
atopy is a cofactor of FENO variation (5). On the contrary,
the fact that we did not find any significant interaction
between our exposure-city indicator and the symptoms
suggestive of atopy, together with the similar prevalence
of rhinoconjunctivitis symptoms in the two communities,
is reassuring.
CONCLUSIONS
We found lower lung function and higher levels of mark-
ers of inflammation and oxidative stress (FENO| and
MDA–dG adducts) in the children living in an indus-
trial polluted area in comparison with those found in the
children living in a rural nearby area. Although these find-
ings were obtained in two small population samples, they
seem to add evidence to the recent studies (39, 40), show-
ing an excess of asthma and respiratory symptoms and a
decrease in lung function in children living in proximity
of petroleum refineries, and to the previous studies con-
ducted in areas with outdoor air pollutants—mainly SO2
but also particulates—derived from industrial processes
(41, 42).
We confirm that measurements of biomarkers produced
in the airways could be useful, noninvasive tools in epi-
demiological studies on the health effect of air pollution in
children and that oxidative stress could be a major feature
underlying the toxic effects of air pollutants (3).
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